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(54) Process for making multilayer coated paper or paperboard 



(57) The present invention refers to a method of 
manufacturing multi-layer coated papers and paper- 
boards, but excluding photographic papers and pres- 
sure sensitive copying papers, that are especially suit- 
able for printing, packaging and labeling purposes, in 



which at least two coating liquids selected from aqueous 
emulsions or suspensions are formedimto a composite, 
free-falling curtain and a continuous weft> of basepaper 
or baseboard is coated with the composite coating liquid 
and paper or paperboard thereby obtainable. 




Printed by Jouve, 7S001 PARIS (FR) 



BNSDOCID: <EP 1249533A1J_> 



10 



25 



30 



35 



45 



SO 



EP 1 249 533 A1 

Description 

Field of the Invention 



[0001] This invention relates to a method of manufacturing coated paper and papertoard wherebv muttinte i 
of coating quid are app.ied simu.taneous.y to a rapidly moving, continuous web of E^3S2^2£2K 
curiam coatmg. More specifically, the present invention re.ates to a method of manufaSLg riiKSSSJSS^ 
paper and paperboard such that the coated surface gives superior suitability for ptinOna^^W^^^^i 
paperboards produced using sequential applications of single layers of coating SS^nSi^BSlS 
or s-ngle-layer conventiona. blade, bar (rod) or roll type application methods. In J^^^SISSS^S? 

H° f r anUfaCtUrin9 mU ' tMayer °° ated Paper and W*oa«* applications 1SSZ232S£2S 
additives, whether pigmented or non-pigmented. constitute one or more of the coatingiayers FuZZ^£?ZZZ 
invention relates to the coated paper or paperboard obtainable by the processes of L present M 



'5 Prior Art: 



[0002] The curtain coating method for the simultaneous coating of multiple layers is well known and is „ - 

U.S Pat. Nos. 3.508.947 and 3,632,374 for applying photographic compositions to pa^ranS TaZ web TS!SSS 

» mST Tn them " 7 ? Si ° nS 5 aVe 9 ' OW ViSCOSity ' 3 ' OW S0Md C ° ment a " d are BPP^at lowing "peeos P 

Si t IT" r USUa " y P*™"« ^ting compositions having a consideS hic^er 

solid content and v,scos.ty compared to photographic solutions or emulsions are applied for example bv bteL S- 
bartype or reverse-roll type coating methods at high line speeds of above 1000 m/m^Any orTo ^eJe me»2X 
mnn^Tf n,V to se « uential| y ^ Pigmented coatings to the moving paper oZlpXa^aT 

[0004] However, each of these application methods inherently carries with them their own set Z f o obtems th», 
result in an inferior coated surface quality. In the case of the blade type coating method ^oTmem o^l- ^ 

add.tion, the h,gh pressure that must be app.ied to the blade to achieve the desired coaMng weS^ces a Ten* Z~ 
stress on the substrate and can result in the breakage of the substrate web, resuming In. lowered proSon 
Moreover, s.nce the p.gmented coatings are highly abrasive, the blade must be replaced regufarlv m ord^ t J 
the evenness of the coated surface. Also, the distribution of the coating on me sunSThe or pao^oS. 

substrate is affected by the surface irregularities of the substrate. An uneven distribution of c^tiTaJLTXl 

otolu t h fod) type coating method has a limitation of solids content and viscosity of the pigmented coatS, 
tlZTlZ T- !f ^ P,9mented coatin 9 s a PP |ied b y bar type coating method are typicaSTwer i T so S 
content and viscosity than are pigmented coating colors applied by the blade type method ArcordinSlnr th k 
type coatmg method it is not possible to freely change the amount of coating mat can^e appl£?to ^te surfacl of vZ 
paper or paperboard substrate. Undesirable reductions in the quality of the surface of the coa tec ^pap^r or o^l'S 
orlTbartT* 6 ^ 

- i^^sEE^r* requires that the bar be rep,aced at regu,ar inte - a,s in - der to -inSrr 

[0006] The roll type coating method is a particularly complex process of applyinq picsmented coatinn* t„ _ 
paperboard in that there is a narrow range of operating conditionsrelated to .SHS^^S^'SIS 
porosity, coatmg solids content and coating viscosity that must be observed for each operating .soled i »n J ill'Z « ^ 
coatweight to be achieved. An imbalance between these variables can lead to a ~ « m 1 ^ deS ' red 
surface of the coated paper, which can .ead to an inferior printing resu^ortn^ exputeto^o^ "JEWESS °" ' 
as the sheet extts the coating nip. These droplets, if re-depositedon the sheet surface eadt an Eio 2T° 
result. Moreover, the maximum amount of coating that can be applied to a paper ^t^^^JlT^ 19 " 9 
using the roll type coating method is typically less than that which can be apSd in onTpas ,Z ^he btade or b! f" 
coatmg methods. This coating weight limitation is especially pronounced a'high coating speeds * 
Furthermore, all these methods have in common, that the amount of coating liquid applied to a paper web th«t ^ 
has an irregularsurface with hills and valleys is different whether applied to a hill o^ 
and thus ink reception properties will vary across the surface of the coated paper resut S 
.mage. Despite their drawbacks these coating methods are still the dominant processes in SK^^du^ 
their economics especially because very high line speeds can be achieved. * * *° 

55 [0007] The Japanese patent applications JP-94-89437. JP-93-311931 JP-93-177816 ipq,ioi 7 , 0 , n 
92-298683. JP-92-51933. JP-91 -298229, JP-90-21 7327, and JP-8-31011 0 and EP^tVS^h£S2!il^ 

xssrsr to apply one or more pi9mented coatins iayers to a moving ■^ssees's: 



BNSDOCID: <EP HMft.raAi I * 



2 



EP 1 249 533 A1 



w 



15 



•;t>! 



25 



30 



(i) The curtain coating method being used to apply a single layer of pigmented coating to a basepaoer saabstmte 
to produce a single-layer-pigmented coating of paper. «uos ( raie 

(ii) The curtain coating method being used to apply a single priming layer of pigmented coating to a baseoaner 
substrate prior to the application of a single layer of pigmented topcoat applied by a blade type coatina crocess 
Thus a multi-layer-pigmented coating of paper was achieved by sequential applications of pigmented coatina ' 
(hi) The curtain coating method being used to apply a single topcoating layer of pigmented coating to a baseoaoer 
substrate that has previously been primed with a single layer of pigmented precoat that was applied by a blade or 
a metering rol type coating process. Thus a multi-layer-pigmented coating of paper was achieved by sequential 
applications of pigmented coating. y t,es 3 ueni,ai 
(iv) The curtain coating method being used to apply two single layers of specialised pigmented coatina to a base 
paper substrate such that the single layers were applied in consecutive processes. Thus a multMayer piamented 
coating of paper was achieved by sequential applications of pigmented coating. 

[0008] The use of a curtain coating method to apply a single layer of pigmented coating to the surface of a-movina 
web of paper, as disclosed in the above discussed prior art, is stated to offer the opportunity to produce a wZr 
quality coated paper surface compared to that coated by conventional means. However, the sequential application of 
single layers of pigmented coating using curtain coating techniques is constrained by the dynamics of th^urtain 
coating process. Specifically, lightweight coating applications can only be made at coating speeds belc^those^nVntiC 
employed by conventional coating processes because at high coating speeds the curtain become* unstable and an 
infenor coated surface results. Alternatively, the application of heavier coating weights can provide neater stability to 
the curtam and enable faster operating speeds. However, the total weight of coating that must be replied in order to 
achieve curtain stability at high speed is usually greater than that which is currently applied by conventional mtfltWaver 
coating processes. This is unacceptable from a coated paper quality perspective and from a coatin-v economics oer 
spective. Hence the conventional methods of producing multi-coated papers and paperboards empioy the blade rod 
or roll metering processes. However, application of consecutive single layers of pigmented coating to paper or Da 
perboard I at successive coating stations, whether by any of the above coating methods, remains a capital-inttensive 
process due to the number of coating stations required, the amount of ancillary hardware required e q drive units 
dryers, etc.. and the space that is required to house the machinery. ' ' 

[0009] Coated papers and paperboards that have received a coating that contains an additive resigned to impart 
funct.onal propert.es, such as barrier properties, optical properties e.g.. color, brightness, opacity, gloss etc refease 
properties, adhesive properties and the like, are here described as functional products and their coatings smav be 
referred to as functional coatings. The coating components that impart these properties may also be referred to as 
functional additives. Functional products include such types as self adhesive papers, stamp papers, w.^lpapers silicone 
& [he nS PaPer5 ' Pack39ings ' g^e-proof Papers, moisture resistant papers, saturated tape backing pap^s and 

[001 0] In addition to photographic applications simultaneous application of multiple coatings by curtain coatimn meth 
ods is known from the art of making pressure sensitive copying paper. For example U.S. Patent No 4 230 743 dfeclo^< 
in one embodiment simultaneous application of a base coating comprising microcapsules as main' component and a 
second layer comprising a color developer as a main component onto a travelling web. But it is reported teat the 
resulting paper has the same characteristics as the paper made by sequential application of the layers Moreover the 
S2fi!T, 9 - compos,t, ° n containin 9 the color developer is described as having a viscosity between 1 0 and 20 cos alt 22-C 
[001 1] JP-A-1 0-32861 3 discloses the simultaneous application of two coating layers onto a paper web bvcurfaTn 
coating to make an inkjet paper. The coating compositions applied according to the teaching of that reference are 
aqueous solutions with an extremely low solid content of about 8 percent by weight. Furthermore a thickenerte^dded 
in order to obtain non-Newtonian behavior of the coating solutions. The examples in JP-A-1 0-328613 reveal «hat ar 
ceptable coating quality is only achieved at line speeds below 400nVmin. The low operation speed of the coatina 
process is not suitable for an economic production of printing paper especially commodity printing paper. 
[001 2] Although some improvements could be achieved by sequential coating steps using conventional coatimq tech- 
n.ques and/or curtain coating methods as discussed above, there is still a desire for further improvements with resnect 
to pnnting quality of the resulting coated paper or paperboard and economics of the coating process 
[001 1 3] Thus the object of the present invention is to provide a method for coating paper or paperboard especially 
pnnt.ng paper, resultmg ,n improved quality of the coated product, that can be economically run at high line spied! 



40 



45 



50 



55 



SUMMARY OF THE INVENTION 



[0014] This object has been attained by a method of manufacturing multi-layer coated papers and paperboa^s but 
excluding photographic papers and pressure sensitive copying papers, that are especially suitable for printing* pack- 
ag.ng and labeling purposes, in which at least two coating liquids selected from aqueous emulsions or suspensions 
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are formed into a composite, free-falling curtain and a continuous web of baseoaoer or hachnorw ■ 
composite coating liquid. oasepaper or baseboard is coated with the 

E!22 Preferably at least one the coating liquids comprises a binder 

Z?i°°ST 1 "" d °» dfcren ' C ° a " ng """""> »"'»«<"*"• =°a tin gCri '" " 

DESCRIPTION OF PREFERRED EMBODIMENTS 

En™! ' n the followin 9 the term P a P e »- also encompasses paperboard 
cZll^ 

layers are pigmented Addltiona.nC.a7^^^ 

pigmented might be present. But for the manu 'artuZ o^omln^ T ° 9 '° SS ° r snrl0othnes s that is not 

is for the most purposes sufficient. manufactuhn 9 of co-"modrty pr.nt.ng paper coating with two pigmented layer* 

[0021 ] The present inventors have surprisinahr dfeeove^ri that the r«..i*: 
at least two layers * pigmented coating^JeVs^ 

properties compared to multi-lavercoatArin a « a r«^kv.^„-^ J T unace nas s "P©rior coated surface pnnting 

mica, diatomac.pua aaah SLte^SSS^ L ' ?T SU ' Pha " ! ' Si,ica ' *"'*» 

» ara particularly p,.farrad ' ^ ra ^"* te "* nm ^ ,de ' sall "'*»«^synthelicpolym.rplg m an K 

'^our coating which pr»vidaahlgh(lb,.cava^^^^ 

sla—a ™,, by a, carta* ^ preW „*T~ l3^JSZSSSS"J5 

^aaglaaaaansltiVmpara^^^ 

.00*1, '".daiapptothaabc^taXXtc^^ 
coating speeds <*«»iiy >n a wiae range and a high solid content even at high 
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layer contacting the basepaper or baseboard is from 230 cps to 2000 cps at 25«C 

to75°it ^LT^LTTl ? ITS? MqUidS 10 be aPP ' ied aCC ° rding t0 the Presen1 invention can ra "9e from 20 
Sit In r otal werght of the coating liquid. According to a preferred embodiment the solid content of at 

^Z^^ZT f ° rm,n9 C ° mPOSite fr6e fa " ing «— ' > "*« 60 wt-% based on Z £5 

[0031] A particular advantage of the present invention is, that by the simultaneous application of at least two coatino 

Z7n^T n > C ° at H 9 * ^ , thin ' ayerS ° r in ° th6r W ° rdS VSry ' 0W COati "9 ^ghts Sthe respectivetyts can be 

obtained even at very h.gh appl.cat.on speeds. Therefore the coating weight based on the dry coatino of the 

ayer can be from 0.1 to 30 g/m* more preferred 0.5 to 30 g/m*. and the coating we ight bi^^'SSS 

0032f 'in 0 ! ^IT baS ? aP ^ r ^ ^ aSeb ° ard ^ ^ fr ° m 01 10 3 ° ™* O B to 3^ ^ ° 

[0032] In a particularly preferred.embodirr.ent of the present invention the coating weight based on tne dr/ coatino 

o basZtrP f ye H '°r r than COatin9 Wei9ht baS6d ° n thS ** COatina °' 'ayer contacting tebiS 
omenta 1 .2 SEE? ! C ° at,n9 W6i9ht baSed ° n the COatin 9 of the "PPermost layer is less ?han 47 more 
board fhl^ ?° f C ° at,ng We ' 9ht b3Sed ° n the dry COatiR 9 of ,he ,a V«r contacting the basepaper or'basL 

ESS ™Z I 9 ? ' COat ' ng ^ material efliciencies in tbe Paper and papertooard coating operations achieved 
use o, Z?° COat,n9 processes ' the simultaneous mufti.ayer coating method of the present inventfon aLws t he 
use of much larger quanht.es of raw materials under an extremely thin top layer of more expensive raw^n!.! 
Without compromising the quality of the finished coated product expensive raw materials 

S£, 3 «. ^° f rding to fo^er embodiment of the present invention at least one of the coating layers imparts function-" 
a ty selected from pr,ntab,l.ty, barrier properties, optica, properties e.g.. color, brightness, opacity, gloss ^ retease 
f T P :° Pe T S ^ Hke - T;hereby 3 meth0d ° f manufacturing a multi-layer coated paper o paper 
T v 1 ayerS ° f COati " 9 aPpMed si ™ ltane ° u *ry * surface whereby one or morfof Z Zl - 

taneously apphed coat.ng layers Uyi functional coating, e.g., a barrier .ayer, a colored layer, an opac tying aye an 
adhesive layer or the hke, or one or more of the layers contains an additive to impart such functional ^Functional 
ZllX 21"! V 7 ^Jl****" —ally be coated by convenoona, consecutive coa Zg p'cesses 

because of the tendency of the coating material to adhere the substrate to guiding rolls or other coatino eo ^nt 
The s.muttaneous multi-layer method, on the other hand, wi.. allow such functionafcoaSngs to be unTmeaTh 
a topcoat that shields the functional coating from contact with the coating machinery. underneath 
[0034] The functional coating liquids used in the present invention are characterized in that thev contain at l^t nntt 
component that imparts functionality as defined above and have a solids content of up . to 75%^S, oSS 

50 to 2,000 cps at 25°C. Moreover, the coated papers or paperboards produced by this method are chaT^tl" T n 
that the top layer of applied coating has a dry weight of between 0.1 g/m* and 30 ^^^S^^X^ 
msT A.soVnC haVe d ^. Wei 9 hts betwee " 0.1 g/m* and 30 g/n*. more pretend 0.5 

J? he coatmg l.qu.ds forming the functional coatings of the present invention, a polymer of 4hvlene 

SlT;lTTl y • 3 pol V U f 3 P ° ,yeSter ' ° ther P0,y ° l3f inS and ,he like - a" adhesive such as .12 ene 

butadiene latex, a styrene acrylate latex, a starch, a protein, or the like, a sizing agent such as a starch R 2 ne 

££. C °- P0lymer * a ,f t y ren r T1a,eic anhydride, a polyvinyl ateohol. a potyvinyl acetate, a carboxymeCce.iuSo 
the hke, a bamer such as silicone, a wax or the like are used. The functional coating may includeVutTs no MimSS Z 
include, a p.gment or additive as previously described for a pigmented coating 

of m™!n° nOUn( ; ed adva " ta 9 e Qf tne Present invention irrespective of which embodiment is used is that the process 
nnlu he h T uf" mn ** ^ high COating Speeds tnat hitherto in *• production of printing p£££5 
:SL?Jn 7 USm9 ad6 ' bar 9r r °" ^P'^ 10 " methods. Usual line speeds in the process of the^mion^e 

n •« P : eferab ' y ' in 3 rangS ° f 600 3200 nVmin " especia "V' from 800 "> 2500 m/rnin. 
[0037] One critical requirement for successful curtain coating at high speeds is that the kinetic enerav of rh* fa .i.n„ 
curtain impacting the moving web be sufficient* high enough to displace the 

7^ r jT mm T d !! 6CtS - ThiS Ca " 66 acc °mpli S hed by raising the height of the curtain and/or byTSreas^o the 
density of the coat.ng Hence, high speed curtain coating of low-density coatings such as a functionaTor 2 ss To 

th "t 09 Synth K Gtt L P ° lymer Pi9mem f ° r impr ° Ved 9,OSS iS difficu,t due to th e lower kinetfc energy and due to 
the fact tha increasing the height of the curtain is limited by the difficulty of maintaining a stable unifom^u^ain Low 

coatino^ whif h C r h h w PP,ied - hjQh C ° atin9 * ^ ^ting through the'use of simu.tan^ou m Layer 

coating ,n wh.ch a high-density carrier layer is used in combination with the low^ensity layer to achieve sSenX 
avoidairentrainment. .n addition simultaneous multiiayer curtain coating allows the use o"g 

51 f h J T t0 Pr ° m0te W6tting ° f thS SUbStrate ° r 10 promote leveJin g of high sohds coatings to f urther 
increase the high-speed operational coating window for paper and paperboard 

nTrhS h A ,Urther /^T! a ? e ° f th6 PreS6nt inVenti °" iSl that 3 method of manufacturing a multi-coated paper or pa- 
pe board ,s provided that does not require the same level of high capital investment, tne same amount o^nc Ian, 
hardware or the same amount of space as is currently required by conventional nnulti-layer coating methods such as 
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blade, bar, and roll processes. 
BRIEF DESCRIPTION OF DRAWINGS 
5 [0039] 



Figure 1 is an explanatory cross-sectional view of a curtain coating unit 1 with a slide nozzle arrannpm^t o < 
dehvenng multiple streams 3 of coating liquid to form a continuous mufti-layer curtain 4 W £?T2EE 
hbnum state ,s reached, the flow amount of the coating liquids flowing into the s.ide nozzte ananoe^JTL 
completely balanced with the flow amount flowing out of the slide nozzle Tarrangement The Tree faTf™.* 
curiam 4 comes into contact with web 5 which is running continuously andTus Te web B is co^l^^T 
layers of the respective coating liquids. The running direction of the'web 5 i^^ ^SS^i^Sl 
coatrng area by means of a rol.er 6 to minimize the effect of air flow accompanying the fasTmolg webl 

'5 [0040] The present invention will now be explained in more detail with reference to the examples. 
EXAMPLES: 

ssra^asssEsr day pMW - - - so% - 2 — — <** 

Clay B: dispers.on of No. 1 high brightness kaolin clay with particle size of 98% < 2 urn in water CHvdr^eo on 
ava.lable from J.M Huber Corp.. Have de Grace, Maryland. USA) 71% solids (Hydragtoss 90 

Synthetic polymer pigment: dispersion of polystyrene with particle size 0.26 urn (DPP 71 1 available from Th* rw 
Chemrcal Company, Midland, Michigan. USA). 52% solids in water. available from The Dow 

innate* Carb ° Xy ' ated s ^ne-butadiene latex (DL 950 available from The Dow Chemical Company), 50% solids 

inta^. TsT^oZ^^ l3teX 980 aVai,ab,e fr ° m The D0W Chemi - company), 50% solids 
. L f!! X n Sty !' en6 - I ac, y ,ate latex < xz 94329.04 available from The Dow Chemical Company), 48% solids in water 
!n water: **™»*~»™ latex (DL 966 avaHable from The Dow Chem^lCompany) 50% TSZ 

SS^^SlSi S ° diUm (Ae-o^ OT available from Cyanamid. Wayne, 

[0042] The P H of the pigmented coatings formulations was adjusted to 8.5 by adding NaOH solution mmm th 
solids contents of the formulations were adjusted by adding water. ( > The 

[0043] The above ingredients were mixed in the amounts given' in Tables 1 and 2 respectively to obtain undent 
composes (Formulations 1 to 6) and topcoat compositions (Formulations 7 to 12). respectively UnderCOat 
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Table 1: Undercoat Formulations 
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Formulation 


1 


2 1 


3 


4 


5 1 
1 


6 




rarxs 


Based 


on 


dry 


weight 




CafO, fin 


1 AA 

lull 


5(3) 


100 








CafO, QO 




35 






100 


70 


Clay A 




15 








30 J 


Latex A 


10 


10 


10 




10 


10 


Latex B 








100 






PVOH 


1.2 


0.3 


1.0 


1.0 




U . -J 


Surfactant 


0.5 


0.4 


0.4 


0.8 


0.4 


0.4 


Will LdlCI 

oui las LOircerrc \%) 


72.7 


68.7 


1.5 


49.2 


1.5 




71.1 


69.7 


61.7 




360 


390 


230 


350 ] 


360 


260 


PH 

r n 


8.5 


8.5 


8.5 


8.5 


8.5 


8.5 


auie lopcoat ror 


mul ations 






Formulation 


7 


8 


9 


1 10 


11 


12 




Parts 


Based 


on 


dry 


weight 




CaC0 3 60 




50 










Laco 3 90 


70 


35 


30 


100 




70 


Clay A 


30 


15 








3D 


Clay B 






70 








oyntnetTc Polymer 
r igmervc- 










100 




Latex A 


10 


10 








10 


Latex B 














Latex C 






11 








Latex D 








10 


26 




PVOH 


0.3 


0.3 


0.7 


1.0 


1.0 


0.4 


Surfactant 


0.4 


0.4 


0.4 


0.4 


0.8 


0.4 


Whitener 






1.5 


1.5 






Solids Content (*) 


67.3 


68.7 


69.1 






67.9 


51.2 


66.6 


Viscosity (cps) 


670 


3910 


500 


620 


210 


990 


pH 


8.5 


8.5 


8.5 


8.5 


8.5 


8.5 



so 
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[0044] The viscosities of Formulations 1 to 12 were determined as follows: 
Brookfield Viscosity 

[0045] The Brookfield viscosity was measured using a Brookfield RVT viscometer (available from Brookfield Enoi- 
neenng Laboratory. Inc., Stoughton. Massachusetts. USA) at 23°C. For measuring. 600 ml of the Spe^on are 
poured ,nto a 1 000 ml beaker and the viscosity is measured at a spindle speed of 1 00 rpm «■■»•'»»" are 

!£t2 Under ? 0at i a " d ,Q P coat formulations ™ere coated onto paper according to the procedures described in 

the followmg examples. The properties of the coated, papers were evaluated according to the following tesa procedure! 
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Paper Gtoss 
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[0047] Paper gloss is measured using a Zehntner ZLR-1050 instrument at an incident angle of 75°. 
Ink Gloss 

[0048] The test is carried out on a Pruefbau Test Printing unit with Lorrilleux Red Ink No. 8588 An amount of O 8 a/ 
m* (or 1 .6 g/m2 respectively) of ink is applied to coated paper test strips mounted on a long rubber bacted Dl^n wfl? 
a steel pnntmg d>sk. The pressure of the ink application is 1 ,000 N and the speed is 1 rrVsTe Printed sfrtos ate Jn2 

"dS 



Dry Pick Resistance (\GT) 



ErS. n I I o ! aSUrSS * • 6 abMity ° f the Paper SUrface 10 acce P l the tran *te«- ° f without picking The test was 
earned out on a A2 type printability tester, commercially available from IGT Reprotest BV Coated paper smV X TZ 
x 22 mm) are printed with inked aluminum disks at a printing pressure of 36 K wtth the pendulum driv ^syiem an d ^ 
to^TS^T °" ^ ' rorT \ Reprotest BV - ^ the printing is comp.eted, the distance where the citing b^ 2 
Z 9 , 6d T der 3 stereomic ^cope. The marked distance is then transferred into the IGT ve2^ 

curve and the velocities ,n cm/s are read from the corresponding drive curve. High velocities mean high resitanc^ 



Ink Piling 



0050] ink p.hng ,s tested on a Pruefbau printability tester. Paper strips are printed with ink commercially avails 
rolLA stee pnntmg d.sk ,s inked to achieve an ink volume of 60 mm*. A coated paper strip is mounted on a mbtT 

?r se lnH H 60 , Prin r ^ ink6d St6e ' diSk 31 3 Speed ° f 1 5 "* and ^^"9 pressure of 8(K) N XT a 
0-second delay time, the paper strip is re-printed using a vulcanised rubber printing disk also containing ,go™SZ 

' t and /^ Printin9 PreSSUre °' 800 N - This procedure fe re P eated the'surface oVth c^^Zr^f^ 
ES-JS.'SST ° f PaSS6S r6qUired to - Pture - — pap ~ -rface k, a 



Ink Mottling 



22ft 1 t J T t0 3SSeSS thS Print irre 9 u| arity. Paper strips are printed on the Pruefbau Test Printina un» 

wrth test ink commercially available under the trade designation Huber Wegschlagfarbe No 520068 Rret a tlS 
250 mm3 ,nk is applied with a steel roll. Then three passes using a vulcanLd rubber roTfoNow^and ^ Tlth % T! 

40 us.ng the Motthng Viewer Software from Only Solutions GmbH. First the strip is scanned and the scanls convent 
a gray scale. Then the deviation in gray scale intensity is measured at seven different re^utibns wKh a ZZZ oT?it 
mm, 0.34 mm, 0.67 mm, 1 .34 mm. 2.54 mm, 5.1 mm and 10.2 mm. From these measure" s a mS vafue 2Si ■ 
calculated. The result shows the print irregularity. A higher number in the resu.t 3ns aT^ W 

45 Paper Roughness 

[0052] The roughness of the coated paper surface is measured with a Parker PrintSurf roughness tester A samob. 

f nnn fp e T d PaP6r fe C ' amPed betWeen 3 cork - me,i " e - P'^en and a measuring head a" da^g ^pressuni 2 
1 ,000 kPa. Comoressed air i« cnr,r»ii^H t« • „™ .■ _ s «i a imping pressure of 



1 ,000 KP.. Composed air * suppHod ,o .h. in^men, i^SLT. ZS'T™ °* 



of the coated paper surface. 
Cobb Value 



Ed Z h t T , T absor P tiveness of P^P^r and is conducted in accordance to the test procedure 

£nT«£2nT * Assoc.at.on of the Pulp and Paper Industry (T - 441). A pre-conditioned and pre weS^ 

sample of paper measunng 12.5 cm x 12.5 cm is clamped between a rubber mat and a circular metal rinn rZ TT\ 
ring is designed such that it circumscribes an area of 1 00 cm* on the paper san^.e SUrf a«.Tl Z ZSe^uZ 
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de-ionised water is poured into the ring and the paper surface allowed to absorb the water for a desired < r 

At the end of the time period the excess water is poured off, the paper sample removed b ^ 
amount of absorbed water is calculated and expressed as grams of water per square mete^ I* 6 
indicates a higher propensity for water absorption. meter or paper. A higher number 

Coatweight 

[0054] The coatweight achieved in each paper coating experiment was calculated f mm th* i,™. 

r.,e of ,„e pump dslivenng ,he coa«n 9 ,o me curtain colnng^ead le^SS, IZZZ^ZZS^ "°™ 

;szz% z d ;r cunain co * 9 nead ' ,he *- » * - - «- — sstsssk 

Coating Density 

knomLr^ 6 ^ ° f *" **** determined * wei ^ ■ 1 00-millilitre samp.e of the coating in a py- 

Comparative Examples 1 and 2 and Example 1 : 

10056] To compare simultaneous multi-layer curtain coating versus single-layer curtain coatina woorf™ 
was coated in three experiments in which the same total coatweight was applied in each ^^^^ 

s,ng.e-.ayer coatings, simultaneous multi-layer coating, and one slngte-.a^coa^ ' C ° mmGUtm 
Comparative Example 1 : 

[0057] Undercoat Formulation 1 was applied to the topside ot a moving, continuous web of woodw. K aea „ 
active a coatweight of 1 0 ± 0.2 g/m^. The basepaper web was moving at 900 rZin Ater h 
paper was topcoated with topcoat Formulation 7 to achieve a topcoat weight 0^6^0 2^ T^TST^^ 
topcoat was dried in a similar manner as the undercoat. * ' * S °° m/rtWn - 1716 

Example 1 : 

[0058] The same undercoat and topcoat formulations used in Comparative Exam D | P i«, 0 r 0t h an = ■• ^ • 

ously to the topside of the woodfree basepaper such that each Shieved a coa^ht 55 ? + 1 nT^S" 

Coat.ng speed was 900 m/min and drying was achieved using similar 'cSEEZ in CompSe Exam P .et^ 

Comparative Example 2: 

[0059] Topcoat Formulation 7 was applied in a single layer application to the toosido nf tho , 

Table 3: 



55 



Examples 


Comp. 1 


1 


Comp. 2 


Undercoat Formulation 


1 


1 




Topcoat Formulation 


7 


t 


/ 


Web speed (m/min) 


900 


9O0 


900 


Undercoat Coatweight (g/m 2 ) 


9.9 


10.2 




Topcoat Coatweight (g/m 2 ) 


10.0 


10.0 


19.9 


Single layer Application 


Yes 




Yes 


Multi-layer Application 




Yes 
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Table 3: <continued) 



Examples 


Como 1 

**** w 1 t ff-f • 1 


i 


Comp. 2 


Paper Gloss (%) 


53 


66 


67 


Ink Gloss - 0.8 g/m 2 imk (%) 


73 


89 


85 


Ink Gloss - 1 .6 g/m 2 ink (%) 


75 


94 


90 


Roughness (u,m) \ 


4.4 


1.7 


2.0 


IGT Dry Pick (cm/s) 


91 


95 


80 


Ink Piling (No. of Passes) 


3 


5 


4 


Ink Mottling (Mottle Value) 


78 


6.4 


6.5 



Examples 2 and 3 

could be applied in conventional single-layer blade or curtain clltinn ™ COatWei ^ appi,ed was to that which 

less expensive undercoat coatweighLnd decreStootheSat^ 
properties was examined by varyfng ^he ra^oTi^^^^ 

remaining constant ^rcoat coatwe.ght to topcoat weighi but will, the total coatwejsht 



30 



Example 2: 



Example 3: 

« Coating speed wee again 800 MM, and in, oaaS papa, w^ dSd Is SIS 3 com "* h « * 3 3 9"* 



Table 4: 



Examples 


2 


3 


Undercoat Fonmulation 


3 


3 


Topcoat Formulation 


9 


9 


Web speed (mifmin) 


800 


800 


Undercoat Coaiiweight (g/m 2 ) 


6.5 


9.8 


Topcoat Coatweight (g/m 2 ) 


6.6 


3.3 


Single layer Application 






Multi-layer Application 


Yes 


Yes 


Paper Gloss (%>) 


32 


26 
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Table 4: (continued) 



Examples 


2 


3 


Ink Gloss - 0.8 g/m 2 ink (%) 


45 


35 


Ink Gloss - 1.6 g/m 2 ink (%) 


56 


49 


Roughness (ujti) 


4.2 


4.4 


IGT Dry Pick (cm/s) 


47 


58 


Ink Piling (No. of Passes) 


2 


3 


ink Mottling (Mottle Value) 


6.6 


6.8 



[0065] The results in Table 4 compare favourably with paper quality produced by other processes and are considered 
eminently suitable for printing purposes. Moreover, Example 3 demonstrates that acceptable coated paper properties 
were achieved by applying only half of the relatively expensive topcoat formulation applied in Trial Point 1 The results 
further demonstrate that simultaneous multi-layer coating enables the ratio of undercoat to topcoat to be varied sianif 
icantly without impacting on the speed at which the web is coated. Application of a 3.3 g/m* coatweight at 800 m/min 
as demonstrated in Example 3, is not achievable by single-layer curtain coating. | n addition to the above observers 
it was found that the simultaneous multi-layer process could be run at more than twice the coating speech Tomer 
curtain coating processes. a ui uuier 



25 



30 



Example 4 and 5 



It. 



[0066] This was a repeat of Examples 2 and 3 but using woodfree basepapec and with a higher total ccatweiqht 
arge such as ,s typically applied to double coated woodfree papers and to coated paperboards produced by cTnv£ 
tional coatmg methods. The objective of this experiment was to determine whether simultaneous multi-layer coattna 
of * woodfree basepaper, in which a very low coatweight of a relative^ expensive topcoat is applied to a very hiqh 
coatwe.ght of relatively less expensive undercoat, could produce acceptable paper properties for printing purposes 

Example 4: 
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40 



45 



50 
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[00671 Undercoat Formulation 3 and topcoat Formulation 9 were applied simattaneously to woodfree ba<=e P a D er 
such that the undercoat achieved a coatweight of 1 8.6 g/m 2 and the topcoat achieved a coatweight of 6.8 g/m* Coatina 
speed was 400 m/min. a>»i . wuming 

Example 5: 

I0 °! 8 I U " derc ° at Population 3 and topcoat Formulation 9 were applied simultaneously to woodfree basepaper 
such that the undercoat achieved a coatweight of 21 .7 g/ m 2 and the topcoat achieved a coatweight of 3.5 g/m* Coatina 
speed was 400 m/min. ^ queuing 

[0069] Coated papers from Examples 4 and 5 were dried and calendered under similar conditions and then tested 
for printing properties. Results from this series of trials are given in Table 5. 

Table 5: 



Examples 


4 


5 


Undercoat Formulation 


3 


3 


Topcoat Formulation 


9 


9 


Web speed (m/min) 


400 


400 


Undercoat Coatweight (g/m 2 ) 


18.6 


21.7 


Topcoat Coatweight (g/m 2 ) 


6.8 


3.5 


Single layer Application 






Multi-layer Application 


Yes 


Yes 


Paper Gloss (%) 


78 


75 
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"Table 5: (continued) 



Examples 


4 


R 


Ink Gloss - 0.8 g/m 2 ink (%) 


94 


90 


Ink Gloss - 1 .6 g/m 2 ink (%) 


95 


93 


Roughness (urn) 


1.2 


1.5 


IGT Dry Pick (cm/s) 


71 


75 


Ink Piling (No. of Passes) 


9 


7 


Ink Mottling (Mottle Value) 


6.1 


6.2 



Examples 6 and 7 and Comparative Example 3- 
Example 6: 

[0072] Undercoat Formulation 4 and topcoat Formulation 1 0 were applied simultaneously to won*™ hM 
Example 7: 

Comparative Example 3: 

Table 6: 



Examples 


6 


7 


Comp. 3 


Undercoat Formulation 


4 


4 


4 


Topcoat Formulation 


10 


10 


10 


Web speed (m/min) 


800 


800 


800 


Undercoat Coatweight (g/m 2 ) 


4.0 


3.9 




Topcoat Coatweight (g/m 2 ) 


10.1 


7.5 


10.1 


Single layer Application 






Yes 
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Table 6: (continued) 



UAUl 1 lUICO 


0 


7 


Comp. 3 


Multi-laver Annlir^atinn 

l,|u ' 11 i«yci r~\yjyjii%+cii.t\Jlt 


Vqc 

ies 


Yes 




Paper Gloss (%) 


48 


45 


39 


Ink Gloss - 0.8 g/m 2 ink (%) 


76 


72 


59 


Ink Gloss - 1 .6 g/m 2 ink (%) 


82 


82 


66 


Roughness (jam) 


2.7 


2.7 


3.4 


IGT Dry Pick (cm/s) i 


>110 


>110 


98 


Ink Piling (No, of Passes) 


10 


10 


6 


Cobb Value (g HgO/m 2 ) 


10.9 


10.0 


45.4 



[0075] The results in Table 6 demonstrate the suitability of the simultaneous multi-layer coating method! for aoolvina 
non-p.gmented functional coatings to paper, such as a barrier coating, that would otherwise be unable hJ "22 h 
by conventional coating methods or by consecutive single-.ayer curtain coating met, ods T e riurtsl £S sho^al 
he apphcatron of the tacky undercoat significantly improved the overall strength of the coated SpTr, a^at ^d b v 
he Cobb 'est ' ' 9> " Si9nificantly *«— the water absorptiveness of the coated paper as SZS by 



Examples 8 and 9 

[0076] It is hypothesised that the reduction, in paper and ink gloss observed as toccoat coatweight is reduced could 
be compensated for by the optimisation of the topcoat pigment composition. To test this hypothecs aTexofrimit 
was conducted in which an undercoat formulation was topcoated with a very .ight, high-g.oS ^ZZ? 
The coatwe.ght of the topcoat was significantly lowerthan that which can be achieved by convent oTa^e and sSe ' 
layer curtain coating methods at the coating speed used. ennonai Diatae and single- 

Example 8: 

TOP 1".?^" Fo " 1 " , '""' n 5 * nd , ° pe °"' F »™>*««" < 1 were appl.ed simultaneously to wood-cotwal„i„a base- 

SSJS?~ " " 100 ^ - — -~ ^ ■ ---«SST55R 

Example 9: 

5,™*' 1".? ?S at Fo " r "''''" 0n S " l ° " >pe °* 1 F °"™*>««" 1 1 ~~ *PP»ed slm.Jttan.ousl, to woo*eonoainino baa. 

Table 7: 



Examples 


8 


9 


Undercoat Formulation 


5 


5 


Topcoat Formulatic&n 


11 


11 


Web speed (m/m.rn& 


800 


800 


Undercoat Coatweoght (g/m 2 ) 


10.0 


10.0 


Topcoat Coatweightf (g/m 2 ) 


1.4 


0.7 


Single layer Application 






Multi-layer Application 


Yes 


Yes 
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Table 7: (continued) 



Fyamnloc 

LAal i ipitJo 


8 


9 


Paper Gloss (%) 


73 


i yj 


Ink Gloss - 0.8 gym 2 ink (%) 


83 


86 


Ink Gloss - 1 .6 g/m* ink (%) 


89 


90 


Roughness (u,m) 


45 


39 


IGT Dry Pick (cm/s) 


71 


75 


Ink Piling (No. of Passes) 


2 


2 


Ink Mottling (Mottle Value) 


6.6 


7.4 



Claims 

1 ' crr s t^ f n^ anUfaCtUrin9 multMa y er coated P a P e ^ and paporboards, but excluding photographic papers and 

Ire ««,„g ou„a,n an. . coming „eb .. Oaaapapar or onboard „ coaj Z Z Xo s «. coa'^J 

2. The method of claim 1, wherein 

at least one of the coating liquids forming the composite free falling curtain comprises a binder. 

3. The method of any of the preceding claims, wherein 

at least one of the coating liquids forming the composite free falling curtain is pigmented. 

4. The method of any of the preceding claims, wherein 

the viscosity of the coating liquid forming the uppermost layer is higher than 20 cps at 25°C. 

5. The method of claim 4, wherein 

the viscosity of the coating liquid forming the uppermost layer is higher than 200 cps at 25"C. 

6. The method of any of the preceding claims, wherein 

t^viscosity of the coating liquid forming the layer contacting the basepaper or baseboard is higher than 200 cps 

7. The method of any of the preceding claims, wherein 

8. The method of any of the preceding claims, wherein ... 
the coating weight based on the dry coating of the uppermost laver is o 1 ™ «/™2 *~~4 *u 

on the dry coating of the layer contacting the be~£Z^ZZ^l 0.1 ** ^ ™** ***** 

9. The method of any of the preceding claims, wherein 

the coating weight based on the dry coating of the uppermost layer is lower than the coatino weinht h a »H «„ »k 
dry coating of the layer contacting the basepaper or baseboard 9 9 baSSd °" * e 

10. The method of claim 8, wherein 

the coating weight based on the dry coating of the uppermost layer is less than 75%, preferably ,ess than 50% of 
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the coating weight based on the dry coating of the layer contacting the basepaper or baseboard. 

11. The method of any of the preceding claims, wherein 
the coating liquid forming the uppermost layer comprises a glossing formulation comprising at least one aloss 
additive selected from synthetic polymer pigments and gloss varnishes. " 

12. The method of any of claims 3-10, wherein 
the pigment is selected from clay, kaolin, tab, calcium carbonate, titanium dioxide, satin white, synthetic oolvmer 
pigment, zinc oxide, barium sulphate, gypsum, silica, alumina trihydrate, mica, diatomaceous earth. 

13. The method of any of the preceding claims, wherein 
the binder is selected from styrene-butadiene latex, styrene-acrylate latex, sty rene-butadiene-acrylonft rile latex 
styrene-maleic anhydride latex, sty re ne-acrylate-maleic anhydride latex, polysaccharides, proteins poayvinvl D*r- 
rolidone, polyvinyl alcohol, polyvinyl acetate, cellulose and cellulose derivatives 

14. The method of any of the preceding claims, wherein 

at least one of the coating layers impart functionality selected from priniability properties, barrier prepenses ooticai 
properties, release properties, adhesive properties and the like. ' 

20 15. The method of claim 14, wherein 

the coating liquid forming the coating layer that imparts functionality comprises one or more components selected 
from a polymer of ethylene acrylic acid, a polyethylene, a polyurethane, a polyester, other polyolefJns and the lite 
a styrene butadiene latex, a styrene acrylate latex, a starch, a protein and the like, a styrene-acrylic oo-porvmer' 
a styrene maletc anhydride, a polyvinyl alcohol, a polyvinyl acetate, a carboxymethyl cellulose and the like a 
silicone, a wax and microcapsules . ' a 
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Paper or paperboard having at least two coating layers obtainable by a method according to any of claims 1-15 
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